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A structure that can be used as a gastric band (and that may
also have other uses as an implant elsewhere 1n a patient)
includes a plurality of magnetic elements 1n a serial array that
can be implanted so that the array extends in a circumierential
direction around the patient’s stomach (or other body tissue
structure 1n the patient). Circumierentially adjacent magnetic
clements magnetically attract one another to apply radial
pressure to the tissue structure encompassed by the array, but
those elements can also move apart 1n response to sufficient
outward pressure from the encompassed tissue structure and/
or the contents of (e.g., food 1n) that tissue structure. When
used as a gastric band, the device can provide resistance to
excessive food intake, which can help promote weight loss.
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MAGNETIC GASTRIC BAND OR THE LIKE,
AND RELATED METHODS

This application claims the benefit of U.S. provisional
patent application 60/966,406, filed Aug. 27, 2007, which 1s
hereby incorporated by reference herein in 1ts entirety.

BACKGROUND OF THE INVENTION

This invention relates to medical implants to be implanted
around a patient’s tissue structure, body conduit, or organ. An
illustrative use of the mvention 1s implanting one or more of
such implants around a patient’s stomach to treat obesity.

Surgical intervention for the treatment of obesity 1s already
in practice. Patients with a body mass index (BMI) greater
than 40, or a BMI greater than 35 but with one or more
co-morbid conditions are currently candidates for surgical
intervention. In addition, there 1s ongoing research related to
patients with lower BMI (e.g., 30-35) to determine the risk/
benefit of using these therapies 1n such patients. In general, as
the BMI threshold 1s lowered, the therapy risk profile must be
reduced because this patient population has less benefit to
gain. Gastric bypass and gastric banding are the two most
common procedures performed.

Conventional gastric banding 1involves the placement of a
rigid ring (often with an inflatable member on the 1nner sur-
face of the ring) around the outside of the stomach to create a
small conduit or stoma between the proximal and distal stom-
ach. This restriction serves to slow the rate of food passage
through the stomach, increasing the patient’s feeling of full-
ness, thereby reducing food intake and resulting in the patient
losing weight. The inflatable member (if included) allows the
stoma to be adjusted smaller or larger in diameter by adding
volume to or subtracting volume from the inflatable member
in response to inadequate weight loss, stoma obstruction,
patient symptoms and tolerance, etc. The adjustment 1s often
accomplished through a fluid-filled reservoir and port, which
are implanted 1n the patient’s abdomen. One common way a
physician can add or remove fluid 1s by accessing a port
beneath the patient’s skin, e.g., by injection with a syringe. In
another method, the stoma adjustment 1s accomplished
through an expansion of a polymer material, which 1s acti-
vated by mechanical means to increase or decrease the extent
of the restriction. In either case, adjustments are made based
on caregiver interaction and are 1n response to balancing the
need to accelerate/maintain weight loss 1n relation to patient
discomfiort.

In general, known gastric banding techniques are reason-
ably effective 1n causing weight loss. The known technolo-
gies are, however, subject to certain drawbacks. One draw-
back 1s that implantation of a fluid reservoir can be associated
with infection. Another possible drawback 1s that adjustments
performed by 1injection with a syringe can lead to punctures of
the port and/or tubing, causing loss of the contained fluid and
rendering the treatment ineffective. Additionally, gradual 1oss
ol pressure due to osmosis of fluid from the inflatable member
can necessitate regular interventions to adjust the diameter of
the ring (gastric band).

Another possible drawback of conventional gastric band-
ing 1s due to the nature of 1ts fixed stoma or constriction. Ithas
been noted that patients who consume their food by drinking,
high calorie sweets, liquids, or soit foods do not benefit sub-
stantially from treatment with a gastric band. Furthermore,
patients are encouraged not to drink liquids with food because
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this has been shown to speed up digestion and passage
through the stoma, which can limit the effectiveness of gastric
banding.

SUMMARY OF THE INVENTION

The present invention aims to address the above and other
possible drawbacks ol conventional gastric banding tech-
niques. Certain aspects of the mvention may also have other
applications, so the invention 1s not wholly confined to gastric
banding. But gastric banding will be mentioned most fre-
quently herein and 1t serves as a usetul context in which to
illustrate the mvention. (Examples of other contexts 1n which
at least some aspects of the present invention may be applied

are shown and/or described in such references as Deem et al.
U.S. Pat. No. 7,175,389 and Kugler et al. WIPO publication

WO 2006/020382.)

In accordance with certain possible aspects of the mven-
tion, implantation of an annular array of structures that are
attractive to one another (e.g., magnetically) can be used to
create a pressure-mediated valve between a proximal stom-
ach pouch and the more distal stomach. The passage of food
of any consistency can be held 1n the proximal stomach until
a certain pressure 1s attained. When adequate pressure 1s
attained, the implanted structures begin to separate from one
another and allow food to pass from the proximal stomach
pouch, thereby reducing pressure in the pouch. In this way,
pressure, and therefore a feeling of fullness, 1s maximally
maintained, thereby promoting weight loss.

The implants of this invention preferably contain no tluids
and include no fluid reservoirs. They therefore have none of
the above-mentioned drawbacks of implants that do rely on
such expedients. The implants of this invention, by nature of
their design, automatically respond to a physiological param-
cter (e.g., gastric pressure), which drives multiple mecha-
nisms 1n the body that intluence weight control.

Barostat studies have found that different patients experi-
ence feelings of tullness and discomfort at different pressures
between 10-25 mm Hg. In contrast to adjusting the diameter
of the restriction provided by a gastric band implant, it may be
preferable to first understand the tolerance of a patient to
gastric pressure, and then implant a pressure-sensitive valve
in accordance with this invention that coincides with that
patient’s feeling of fullness and/or discomiort. This can cre-
ate a more eflective weight loss therapy that 1s less dependent
on patient compliance with a specific diet or eating pattern.

More generally, the invention may comprise a pressure-
mediated device placed around a patient’s tissue structure,
body organ, or body lumen to control the rate of fluid, solid,
or other content passage through the tissue structure. The
tissue structure may be, for example, the esophagus, stomach,
duodenum, rectum or other tissue structure. The device 1s
movable between at least two states 1n response to the pres-
sure within the tissue structure. The device may control more
than one rate of passage through the tissue structure. The
device 1s preferably self-regulating between the flow rates 1n
response to the pressure within the tissue structure. In the case
of gastric banding, for example, the compliance (variability)
of the device’s diametrical displacement may be altered and
refined 1n a number of ways described herein to optimize the
balance of weight loss and patient discomiort.

Further features of the invention, its nature and various

advantages will be more apparent from the accompanying
drawings and the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a simplified graph showing operation of an 1llus-
trative embodiment of apparatus 1 accordance with the
invention.



US 8,715,157 B2

3

FIG. 2 1s a simplified graph showing operation of another
illustrative embodiment of apparatus 1n accordance with the

invention.

FI1G. 3 1s a simplified sectional view of a portion of a typical
patient’s internal anatomy.

FI1G. 4a 1s a simplified view, partly 1n section, showing the
FIG. 3 anatomy with 1llustrative modification in accordance
with the invention. FIG. 45 1s similar to FIG. 4a for another
illustrative embodiment 1n accordance with the invention.
FIGS. 4a and 45 are sometimes referred to collectively as
FIG. 4.

FIG. 5 1s similar to FIG. 3, with insertion of another 1llus-
trative object into the anatomy 1n accordance with certain
possible aspects of the invention.

FIG. 6 1s another view similar to FIG. 5 showing a later
stage 1n use of what 1s shown 1n FIG. 5 in accordance with the
invention.

FI1G. 7 1s another view similar to FIG. 4 showing another
illustrative embodiment of the invention.

FIG. 8 1s another view similar to FIG. 7 showing still
another 1llustrative embodiment of the invention.

FIG. 9 15 a simplified elevational view of another 1llustra-
tive embodiment of apparatus 1n accordance with the inven-
tion.

FIG. 10 1s a sitmplified diagram that 1s useful 1n explaining,
certain possible aspects of the invention.

FIG. 11 1s a simplified diagram that 1s useful in explaiming
certain other possible aspects of the imnvention.

FI1G. 12 1s still another simplified diagram that 1s useful in
explaining certain still other possible aspects of the invention.

FIG. 13 1s another simplified diagram that 1s usetful in
explaining certain other possible aspects of the invention.

FI1G. 14 1s yet another simplified diagram that 1s usetul in
explaining certain further possible aspects of the invention.

FIG. 15 1s a simplified elevational view of yet another
illustrative embodiment of apparatus 1n accordance with the
invention.

FIG. 16 1s another view similar to F1G. 8 showing another
illustrative embodiment of the invention.

FIG. 17 1s a simplified, partial, perspective or 1sometric
view of another illustrative embodiment of apparatus in
accordance with the mnvention.

FIG. 18 1s a simplified, partial, elevational view of appara-
tus like that shown 1n FIG. 17 1n accordance with the mven-
tion.

FIG. 19 1s similar to FIG. 17 for another illustrative
embodiment of the invention.

FI1G. 20 1s a simplified, partial, sectional view of an illus-
trative embodiment of apparatus i accordance with the
invention.

DETAILED DESCRIPTION

In one embodiment (1llustrated, for example, by FIG. 4), a
device 10 1n accordance with the invention includes a series of
structures 20 which attract one another, e.g., by magnetic
attraction. Examples of how device 10 may be constructed are
shown in Deem etal. U.S. Pat. No. 7,175,589 and Kugler et al.
WIPO publication WO 2006/020382. Structures 20 are dis-
posed 1n a generally circular array around the tissue structure
(c.g., a patient’s stomach 30 in FIG. 4), and the attraction
between circumierentially adjacent ones of structures 20 acts
to squeeze or reduce the diameter of the encompassed tissue
structure. The attraction may serve to partially or fully close
the encompassed tissue structure to substantially prevent the
passage of fluid or solid material while the pressure of the
material wanting to pass 1s below a prescribed threshold. In
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one case (e.g., as shown 1n FIG. 4b), when device 10 has
squeezed tissue structure 30 down to a stoma of approxi-
mately zero lumen diameter, device 10 may exert a small
residual pressure on the tissue, but it does not exert excessive
tissue-pinching pressure on tissue 30, which could cause
necrosis of the tissue. (In other words, FI1G. 45 shows partially
open beads 20 with a closed stoma.) In another case (e.g., as
shown 1n FI1G. 4a), anon-zero minimum area 1s encompassed
by device 10 when all of attracted structures 20 are in circum-
terentially adjacent contact with each other and the pressure
within tissue structure 30 1s below a prescribed threshold. (In
other words, FIG. 4a shows closed beads 20 with an open
stoma.) In this state, the encompassed tissue structure 1s held
to a predetermined diameter and device 10 does not act to
squeeze the tissue further.

In response to an increase 1n pressure 1n tissue structure 30
above a prescribed threshold, one or more circumierentially
adjacent structures 20 move away from one another in the
circumierential direction around the tissue structure. This
results 1n a second state of device 10. Although structures 20
can thus move away from one another, links 22 between
circumierentially adjacent ones of structures 20 always keep
structures 20 1n a circumierential array around tissue 30. (See
later FIGS. for 1llustrative, more detailed depictions of links
22.) In addition, each link 22 may limit the maximum distance
that the structures 20 joined by that link can move apart.

The above-mentioned second state of device 10 may hold
encompassed tissue structure 30 to a second predetermined
diameter, which 1s larger than the earlier-mentioned tissue
structure diameter. With tissue structure 30 having this sec-
ond diameter, a second (greater) rate ol material (food) pas-
sage through the tissue structure can occur. A decrease 1n
pressure 1n tissue structure 30 below the above-mentioned
prescribed threshold results 1n device 10 moving back to the
first state and rate of passage. It should be noted that the
number of states (circumierential sizes) that device 10 1s
capable of may be two or more, up to a possibly very large
number of different circumferential size states, with each
state being associated with a prescribed pressure within tissue
structure 30. For example, the resistance to opening from one
state to the next may vary from state to state based on different
strengths of different magnets (e.g., relatively weak first stage
magnets separate relatively easily, but stronger second stage
magnets do not separate as easily). It may also be desirable to
construct different devices 10 with different strengths for use
in different patients or for use at different locations within a
patient. For example, not all patients may benefit from
devices 10 of the same strength.

As one possible example of some of the principles dis-
cussed above, FIG. 2 illustrates some aspects of possible
operation of a two-state device 10. In this embodiment,
device 10 may be placed around the stomach 30 to control the
rate of passage of food from the fundus to the body (corpus)
of the stomach. (See FIG. 3 for a simplified depiction of
typical patient anatomy prior to modification 1n accordance
with the mnvention. The esophagus, lower esophageal sphinc-
ter (LES) and stomach 30 (including the fundus, body (cor-
pus), and antrum) are shown. Modification of this anatomy by
device 10 1n accordance with the invention 1s shown 1n FIG.
4.)

One state of the two-state device 10 currently being
described may be shown toward the left in FI1G. 2. In this state,
the device may create a stoma (e.g., of 12 mm maximum
diameter) and limit the rate of passage of food for pressures
within the normal range of gastric motility. This may be
desirable to reduce food intake 1n cases of morbid obesity,
where device 10 holds a fixed diameter and a maximum fixed
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rate of food passage within the normal gastric motility pres-
sure range. Device 10 may self-regulate to a larger diameter
(shown toward the right 1n FIG. 2) and consequently a larger
flow rate 1n cases where intra-gastric pressure exceeds the
upper threshold of gastric motility (1.e., when vomiting) to
allow rapid expulsion of stomach contents.

As another possible example of some of the principles
discussed above, FIG. 1 shows a device that 1s designed to
have four possible states (circumierential sizes). For
example, this device 10 may have a resting state 52 corre-
sponding to an empty stomach. In this state each magnetic
clement 20 1n device 10 1s in contact with the circumieren-
tially adjacent magnetic elements, and device 10 accordingly
has its smallest circumierential size around tissue 30. FIG. 1
shows this size being less than 12 mm, but the area encom-
passed by device 10 1s still greater than zero as discussed
carlier 1n this specification. A second state 54 of the device 10
operationally 1llustrated by FIG. 1 corresponds to the pressure
range of gastric motility. In this state some number of circum-
terentially adjacent magnetic elements 20 are separated from
one another. FI1G. 1 shows device 10 encompassing an area of
about 12 mm diameter 1n second state 34. A third state 56 of
the device 10 operationally illustrated by FI1G. 1 corresponds
to the Tundus pressure range where sensations of discomfort
and nausea persist. In this state a greater number of circum-
terentially adjacent magnetic elements 20 are separated from
one another than 1n state 54. FI1G. 1 shows device 10 encom-
passing an area greater than 12 mm diameter 1n third state 56.
A fourth state 58 of the device 10 operationally 1llustrated by
FIG. 1 corresponds to intragastric pressures that induce vom-
iting. In this state a maximum number of circumierentially
adjacent magnetic elements 20 are separated from one
another and the circumierential size of device 10 1s accord-
ingly even greater than 1n third state 56.

It will be appreciated that the examples shown 1n FIGS. 1
and 2 are not restrictive or exhaustive.

In other embodiments (1llustrated by FIGS. 7 and 8), two or
more devices 10a/100 may be placed on a tissue structure (or
adjoining tissue structures, ) to control the inlet and outlet rate
of flow through the tissue structure(s). As shownin FIG. 7, for
example, device 106 may be placed around the stomach 30 1n
the region of the fundus to control the rate of food passage
from the fundus or proximal portion of the stomach to the
distal or antral portion of the stomach. Such placement of
device 105 segregates the stomach into two distinct areas: the
main body of the stomach, and a proximal pouch. Device 105
controls the rate of outlet flow distal to the pouch.

In the 1llustrative embodiment shown in FIG. 7, a second
device 10a 1s placed proximal to the first device 10b. For
example, device 10a may be placed around the lower esoph-
ageal sphincter (LES) to control the rate of inlet into the
above-mentioned stomach pouch or to prevent reflux of the
pouch contents back into the esophagus.

In the illustrative embodiment shown 1n FIG. 7, both
devices 10a and 1056 serve as pressure check valves, which
control a maximum flow rate into and out of the above-
mentioned stomach pouch within a given pressure range, and
which seli-regulate to at least a second state 1n response to
pressure changes proximal to, within, or distal to the above-
mentioned pouch (i.e., the portion of the stomach between
devices 10a and 105).

FI1G. 8 shows another example in which device 10a may be
placed approximately where device 105 1s placed 1n FIG. 7,
and 1n which device 105 1s placed distal of device 10a. Device
10a creates a “proximal” pouch in stomach 30 (upstream
from device 10a). From this pouch, device 10q regulates the
flow of food (at a given rate) into a “mid pouch™ created 1n
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stomach 30 between device 10a and 1056. Food tlow {from the
mid pouch 1s further regulated (to a given rate) by device 1054.

In embodiments like those shown 1n FIGS. 7 and 8, the
pressure threshold at which each device 10a/105 moves from
one state to a second state may be the same or different. For
example, one device 10a/10b may move to a second state at a
pressure threshold lower than that of the second device. As a
specific 1llustration, 1n an embodiment like FIG. 7 1t may be
desirable for the device 106 placed around the stomach to
change to a second state and allow increased tlow into the
distal portion of the stomach at a lower pressure threshold
than the esophageal device 10qa to prevent reflux of stomach
content into the esophagus.

In certain situations 1t may be advantageous to provide
devices like 10 with compliance (force required to expand the
device) during diametrical expansion that 1s more refined than
can be provided by magnetic elements alone. In the case of
two magnets, the attraction force 1s highest when the two are
in contact, and the force decreases exponentially as the dis-
tance between the magnets increases. In the case of elastic
materials, the force typically increases linearly with displace-
ment distance. By combining magnetic elements and elastic
materials 1n a device 1n accordance with this invention, the
compliance characteristic of the diameter expansion and
auto-adjusting parameters of the device can be further refined
to balance weight loss and patient comiort or achieve what-
ever other or additional objectives the device has 1n use.

An example of a device 10 having both magnetic elements
and elastic elements as described in general terms 1n the
preceding paragraph 1s shown 1n FIG. 9. As shown in FI1G. 9,
this device 10 includes magnetic elements 20 and elastic
clements 60. Linking members 22 are provided between cir-
cumierentially adjacent ones of elements 20 and 60. One of
the purposes of linking elements 22 1s to maintain elements 20
and 60 1n an annular array as shown in FI1G. 9. Additionally, 1n
the case of links 22 between circumierentially adjacent ones
of magnetic elements 20, links 22 allow the adjacent elements
20 to move 1nto contact with one another (1n response to
magnetic attraction) or to move away from one another to a
predetermined maximum distance apart. This 1s the same
function that 1s performed by links 22 between magnetic
clements 20 in other embodiments of device 10 shown herein.

In addition to the magnetic elements 20, the embodiment of
device 10 that 1s shown 1n FIG. 9 includes two elastic ele-
ments 60 that interrupt the circumierentially extending series
of magnetic elements at two locations around the circumfier-
ence of the device 10. Each of elements 60 can elastically
lengthen 1n the circumierential direction 1n response to pres-
sure (force) that i1s trying to enlarge the circumierence of
device 10. When that pressure (force) diminishes, each of
clements 60 attempts to elastically return to 1ts original size.
As noted earlier, this lengthening or shortening of members
60 1s linear with the pressure or force acting to circumieren-
tially enlarge device 10 (see FIG. 10, 1n which “force” repre-
sents device-enlarging force acting on a member 60, and
“extension” represents circumierential elongation of that
member). Circumierentially adjacent magnets 20 can also
move apart 1n response to an increase in the above-mentioned
pressure (force), and are mutually magnetically attracted
back mto contact with one another when that pressure (force)
decreases. The behavior of a series of equally magnetically
strong magnetic elements can be something like that shown 1n
FIG. 11, where again force and extension have the same
general meaning as above, except now applied to a series of
circumierentially adjacent magnetic elements 20. In particu-
lar, as shown 1n FIG. 11, force acting to pull adjacent elements
20 apart can increase with no effect until point A 1s reached.
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Then two (typically random) circumierentially adjacent ele-
ments 20 pull apart and may go to the maximum separation
that the link 22 between them permits at point B. (In other
words, the horizontal distance between points A and B (equal
to the horizontal distance between points A and C) 1s the
operative length of one typical link 22.) Force can then
increase again with no effect until point C 1s reached, at which
point two more adjacent elements 20 pull apart and may go to
maximum spacing at point D. This pattern can repeat for as
many instances as there are of circumierentially adjacent
members 20.

FI1G. 12 shows an example of behavior of a device 10 that
includes both magnetic and elastic elements (e.g., as shown 1n
FIG. 9). As compared to FIG. 11, the approach to point A 1n
FIG. 12 1s inclined (rather than straight up) due to the stretch-
ability of elastic elements 60. At point A the first pair of
circumierentially adjacent magnetic elements 20 begins to
separate. At point B the first pair of magnetic elements 20 are
as lar apart as the link 22 between them will permat. If suifi-
cient device-expanding force 1s still present, there 1s another
incline upward from point B to point C. This incline 1s again
due to the elasticity of elements 60. At point C the next pair of
magnets 20 begins to separate, and the earlier-described pro-
cess continues to repeat through points D, E, and F. Point E
represents the beginning of separation of the last circumier-
entially adjacent pair of magnetic elements 20. When point F
1s reached, all of magnetic elements 20 are as far apart as the
links between them will permit. To the right of point F, all
turther circumierential enlargement of device 101s due solely
to circumierential extension of elastic element(s) 60.

FIG. 13 shows an example of behavior of a series of mag-
netic elements 20 1n which some of those elements magneti-
cally attract an adjacent element more strongly than other
clements are attracted to one another. At point A the first
relatively weakly attracting pair of elements 20 separate. At
point C the next weakly attracting pair separates. At point E
the final weakly attracting pair separates. Now significantly
greater force must be reached (at point ) before the first
more strongly attracted pair of elements 20 separates. That
same higher force must be reached again (at points I and K)
for the next and subsequent more strongly attracted pairs of
clements 20 to separate. FIG. 13 shows how magnetic ele-
ments 20 of different magnetic strengths can be used to give
device 10 aregion (toward the leftin FIG. 13) whererelatively
low force 1s required (e.g., as at A, C, E) to cause initial
circumierential enlargement of the device, and another region
(toward the right in FIG. 13) where relatively large force 1s
required (e.g., as at G, I, K) to cause further circumierential
enlargement of the device).

It will be apparent that elastic elements 60 can also be
included 1n a device 10 having magnetic elements 20 that
behave as shown 1n FIG. 13. It that 1s done, the result can be
a modification of the behavior shown in FIG. 13 to convert the
vertical lines in that FIG. to sloping lines (similar to what 1s
shown 1n FIG. 12, and again concluding on the right with an
all-elastic, upwardly inclined, final portion).

From the foregoing 1t will be seen that a device 10 in
accordance with the invention can be designed to have differ-
ent compliance of 1ts diameter expansion and auto-adjusting
parameters to balance such considerations as weight loss and
patient comfiort by using different matenals (e.g., elastic and
magnetic materials) in the device and/or by other means such
as progressively stronger magnets at the various states of
opening the device.

Still another possibility that involves constructing device
10 with different materials 1s illustrated by FIG. 15. In this

alternative, device 10 has an overall structure like that
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described above for the embodiment shown 1n FIG. 9, except
that 1n FIG. 15 the elastic members 60 of the FIG. 9 embodi-
ment are replaced by shape-memory polymer members 70.
During the process of manufacturing this device 10, the alloy
or polymer 1s set to a specific length and then stretched to a
longer length and assembled in the device. The device 1s then
implanted in a patient and provides automatic adjustment of
its circumierence by action of magnetic elements 20 as
described for earlier embodiments. In the event the device 1s
s1zed incorrectly or there 1s a desire for the device to provide
a greater restriction to tissue structure 30, a catheter or other
preferably non-invasive energy source may be introduced
into the patient to apply energy to the shape-memory
member(s) 70. For example, FIG. 16 shows insertion of a
catheter-like instrument 80 i1nto a patient via the patient’s
mouth. The distal end of catheter 80 passes through the lower
esophageal sphincter LES into the portion of the patient’s
stomach that 1s encompassed by device 10. The distal portion
of catheter 80 includes a source 82 of energy that shape-
memory material 70 1n device 10 1s susceptible (responsive)
to. When energy source 82 1s adjacent to the members 70 of
device 10, the energy source can be activated to emit energy
that causes members 70 to return to their remembered shape.
Because this remembered shape 1s shorter than the originally
implanted shape, the at-rest circumierence of device 10 1s
reduced. Catheter 80 1s thereafter removed from the patient,
and device 10 subsequently operates with a starting (at-rest)
circumierence that 1s smaller than the device had when 1t was
first implanted in the patient.

It may be possible to apply the technique described in the
preceding paragraph more than once. For example, only
enough energy may be initially applied from source 82 to
cause elements 70 to return part way to their remembered
shape. If that shape change 1s not sufficient to produce the
desired result, catheter 80 may be inserted into the patient
again and more energy may be applied to cause elements 70
to change shape still more.

A possible feature of devices 10 in accordance with the
invention 1s that they can be designed to accommodate post-
procedural swelling 1n the tissue structure encompassed by
the device. For example, 1n a device 10 placed around a
proximal portion of a patient’s stomach 30, the first state of
the device may be sized to create a stoma having a diameter of
approximately 12 mm to control the rate of food passage
through the stomach. The device 10 may be designed to
seli-regulate to a second larger state 1n response to edema-
related pressure increases within the tissue due to ijury and
healing response. This may be desirable to prevent the swell-
ing from decreasing the size of the stoma and interfering with
the rate of passage of food through the stomach. When the
swelling resolves and the edema-related pressure within the
tissue decreases below a prescribed threshold, the device
self-regulates back to the first state to control the rate of food
passage through the stomach.

FIGS. 17 and 18 show another illustrative embodiment of
how a device 10 1n accordance with the mvention can be
constructed. In this embodiment each magnetic element 20 1s
a rod of magnetic matenal having a longitudinal axis that 1s
substantially parallel to an axis about which device 10 1s
annular. Fach rod 20 1s attached along one of 1ts sides to a
sheet 22 of fabric or other similarly flexible, web-like mate-
rial. When sheet 22 1s stretched out, rods 20 are spaced from
one another, side by side along the sheet. When such stretch-
ing of the sheet 1s relaxed, rods 20 magnetically attract one
another and create slack sheet material between them as they
come together. FIGS. 17 and 18 show some such slack sheet
22 matenial between each circumierentially adjacent pair of




US 8,715,157 B2

9

rods 20. Each rod 20 1s magnetized so that 1t has one magnetic
pole (e.g., N or North) along one side of 1its length, and the
opposite magnetic pole (e.g., S or South) along the other side
of its length. Thus each rod 20 magnetically attracts the adja-
cent rods 20 along the length of the rods. Sheet 22 keeps rods
20 1n an annular array, and also limits the amount by which the
rods 20 can move apart. Sheet 22 1s thus functionally related
to links 22 in other, earlier-described embodiments.

Whereas FIG. 17 suggests that sheet 22 1s outside of mag-
nets 20 when device 10 1s implanted 1n a patient as an annular
array, it may be preferable for sheet 22 to be 1nside the array
of magnets 1n such an implant (see FI1G. 19). In this way sheet
22 can additionally provide buflering between magnets 20
and the tissue 30 around which device 10 1s implanted. This
can help reduce possible erosion of the tissue by the presence
and/or motion of device 10.

FIG. 20 shows an example of how a device 10 can be
constructed so that different magnetic elements 20 have dii-
ferent amounts of magnetic attraction to other circumieren-
tially adjacent magnetic elements 20. In FIG. 20 each mag-
netic element 20 includes permanent magnet 120 nside a
housing or enclosure 220. For example, each of magnets 120
may be a ring magnet. The polarization of each magnet 120 1s
indicated by the letters N and S adjacent each magnet. All
magnets 120 can have the same si1ze and magnetic strength. In
cach of magnetic elements 20a and 205 the magnet 120 1s
centrally located in the associated housing 220 along the axial
length (left to right) of the housing. Magnetic elements 20¢
and 204, however, have axially longer housings 220. In ele-
ment 20¢ the magnet 120 1s located asymmetrically toward
the left in the housing 220, and 1n element 204 the magnet 120
1s located asymmetrically toward the right in the housing 220.
Dimension L1 1s the approximate at-rest distance between the
magnets 120 1n elements 20q and 205. Dimension 1.2 1s the
approximate at-rest distance between the magnets 120 1n
clements 20c and 20d. It will be apparent that .2 1s greater
than 1. Accordingly, the maximum force ol magnetic attrac-
tion between elements 20a and 206 (which maximum force
occurs when these elements are closest together or “at rest™ as
shown 1n FIG. 20) 1s greater than the maximum force of
magnetic attraction between elements 20c¢ and 20d. FIG. 20
therefore shows an example of how the magnetic elements 20
in a device 10 can be constructed so that different circumier-
entially adjacent ones of those elements have different
amounts of maximum magnetic force of attraction between
them.

FIG. 20 also shows another example of how links 22

between circumierentially adjacent ones of magnetic ele-
ments 20 can be constructed. In this embodiment each link 22
1s shaped like a barbell. The enlarged head 222 on each end of
cach link 22 1s mside the housing 220 of a respective one of
the two circumferentially adjacent magnetic elements 20 that
are connected by that link. The shaft between the heads 222 of
a link 1s able to slide into and out of the housings 220 of the
clements 20 joined by that link, but the heads 222 are not able
to come out of those housings. The length of the shait of each
link 22 1s great enough to allow the elements 20 joined by that
link to move apart from the at-rest condition of those ele-
ments. However, such movement of elements 20 apart stops
when the heads 222 on the link 22 joining those elements
reach and contact the mnner surface of the housings 220 of
those elements.

Recapitulating and in some respects extending the forego-
ing, 1n an 1llustrative embodiment of the invention an array of
magnetic beads 20 1s placed circumierentially around the
upper or proximal stomach 30 to create a small stomach
pouch and an outtlow restriction (stoma) to food matter as
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shown, for example, 1n FIG. 4. The magnetic beads 20 are
connected (e.g., via links 22) 1n a way that limits the distance
that circumferentially adjacent beads can move apart. Con-
nections 22 also maintain a circumierential geometry to the
array ol beads 20. The composition and mass of adjacent
magnets 20 and the space between them determines a specific
pressure or force required to separate them when closed
(Pmbc) (see FIG. 14, which 1s similar to FIG. 11, but with
some additional parameters shown for purposes of the dis-
cussion 1n this and subsequent paragraphs). The connection
means 22 limits the magnitude of the distance between beads.
This maximum separation (link length in FI1G. 14) determines
a second magnetic force or minimum force that acts to restore
the beads to their closed configuration (Pmbo). As food 1s
swallowed, 1t enters the stomach. The magnetic band (MB) 10
restricts the food from entering the larger stomach via pres-
sure Pmb from magnetic attraction of the beads 20. Food
continues to {ill the pouch bounded proximally by the lower
esophageal sphincter (LES) and distally by the self-adjusting
band 10.

Once the pressure of the filled pouch (Psi) exceeds the
magnetic resistance of the magnetic band 10 (Pmbc), the
beads 20 of the band begin to actuate. Once the beads actuate,
they separate 1 distance and the exit orifice created by the
magnetic band 10 increases. This allows food to pass through
band 10 and enter the distal stomach. This continues until
Pmbo 1s greater than Psi, at which time the magnetic band 10
will close again until further food increases the volume and
pressure of the pouch.

I1 Ps11s greater than Ples (the closing pressure of the lower
esophageal sphincter), then food may reflux into the esopha-
gus rather than actuate the magnetic band 10 and enter into the
lower stomach. Thus another i1llustrative embodiment (e.g., as
shown 1n FIG. 7) can include a magnetic band 10a placed at
the LES region of the esophagus, and another magnetic band
106 placed around the proximal stomach. In this case the
formed pouch 1s defined by a magnetic band 10 on both the
proximal food entrance and the distal food exit. The actuation
pressure Pmbc of the first (proximal) magnetic band 10a may
be greater than the actuation pressure of the distal or second
magnetic band 105.

As shown 1n FIG. 5, a dilator or solid cylindrical object 90
may be placed via the patient’s mouth, through the esopha-
gus, and into the stomach to the location at which device 10 1s
to be mmplanted around the stomach. Device 10 1s then
implanted so as to snug the encompassed tissue down around
(1.e., into contact with the outer cylindrical surface of) object
90 (see FIG. 6). Object 90 1s s1zed to create a more consistent
stoma diameter when device 10 1s thus implanted. Object 90
1s then withdrawn from the patient through the patient’s
mouth. In some embodiments, when the magnetic band 10 1s
tully closed, 1t 1s desired for that band to keep the stoma to a
specific diameter that 1s greater than zero. The technique
illustrated by FIGS. 5 and 6 can help to achieve this, e.g., by
giving object 90 the immediately above-mentioned specific
diameter. In another embodiment the dilator or similar object
90 can be used to size the magnetic band 10 to define the
maximum diameter the stoma can become (1.e., all magnetic
beads 20 fully separated by as much as their links 22 will
allow).

With reference to what 1s described in the immediately
preceding paragraph as “a specific diameter that 1s greater
than zero,” 1t will be apparent that this defined opening can be
used to regulate a flow rate through the stoma and into the
stomach. When pressure in the pouch 1s greater than Pmbc
(and also less than Ples), the magnetic band 10 can open to
allow this flow rate to further increase. As the flow continues,
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the pressure 1n the pouch will drop and the magnetic band will
close down again to restrict the opening.

International publication No. WO 2006/020382 shows
some examples of how the magnetic bands 10 that are used 1n
accordance with this invention can be constructed. (WO
2006/020382 1s hereby incorporated by reference herein in 1ts
entirety.) For example, these magnetic bands can be made up
of a plurality of magnetic beads 20 or the like 1n an annular
array. Each bead 20 1n the array 1s oriented so that 1t magneti-
cally attracts the two beads that are immediately adjacent to 1t
in the array (1.e., the two beads that are on respective opposite
sides of the first-mentioned bead 1n the array). Between each
annularly adjacent pair of beads 20 in the array there 1s a
linking member 22. Fach linking member 22 allows the two
beads that 1t links to move away from one another along the
length of the linking member. However, the amount that two
beads 20 can thus move away from one another 1s limited by
the link member 22. The link members 22 also function to
maintain the arrangement of the beads in the form of an
annular array at all times. The circumierence of the array 10
1s variable from a smallest size when each bead 20 1s 1n
contact with 1ts two immediately adjacent neighboring beads,
to a largest size when each bead has moved as far away from
its neighboring beads as the link members 22 permit. Any
circumierential size between these smallest and largest sizes
can also occur. Magnetic attraction between the beads 20 1s
always urging the array toward 1ts smallest size. The magnetic
strength of the beads 20 determines how strongly they resist
moving apart. Even 1n its smallest size, the array preferably
leaves open a lumen of non-zero area through the array.

Even when all the beads 20 are of equal magnetic strength,
the array 10 can exhibit a kind of stepwise opening and
closing behavior. During opening, for example, what typi-
cally happens is that two of the beads 20 (due to variability of
manufacturing processes) begin to move apart, and continue
to do so until the maximum link length between those beads
1s reached. If a still larger array size 1s needed, then two more
beads 20 begin to move apart until they reach the maximum
link length between them. This stepwise process continues as
long as necessary, coming to a final stop when all of the beads
have moved away from their neighbors by the maximum
amount permitted by the link members 22. This stepwise
process may reverse itself as the array 10 closes down again.

The stepwise opening and closing of the array 10 described
in the preceding paragraph can result in behavior somewhat
like that shown 1n FIG. 1 (array diameter plotted on vertical
axis; opening pressure plotted on horizontal axis). It it 1s
desired to more strongly and positively effect such multi-step
behavior, the array 10 can be made with beads 20 that have
several different (1.e., graduated) magnetic strengths, and
therefore with different amounts of magnetic attraction
between adjacent beads. Beads 20 that are less strongly
attracted to one another will separate first (1n response to
relatively low pressure increases). Beads 20 that are more
strongly attracted to one another will not separate in response
to such relatively low pressure increase; but if pressure con-
tinues to rise suiliciently, these more strongly attracted beads
will also begin to separate following maximum link separa-
tion from the less strongly attracted beads. From this 1t will be
seen that very definite steps can be engineered 1nto the array
10, 11 desired, 1n order to ensure stepwise behavior like that
shown 1n FIG. 1.

It will be understood that the foregoing 1s only illustrative
of the principles of the mvention, and that various modifica-
tions can be made by those skilled in the art without departing,
from the scope and spirit of the invention. For example, the
numbers, sizes, and shapes of various components shown
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herein are only some 1llustrations of what can be done, and
many variations of these parameters are possible. It will also
be appreciated that while some aspects of what 1s shown and
described herein may be of primary interest in connection
with gastric banding, other aspects are ol more general inter-
est and applicability. For example, devices 10 that include
both magnetic and elastic components (e.g., as shown 1n FIG.
9) can be used anywhere 1n a patient’s body where such a
device can be beneficially applied to a tissue structure. The
same 15 true for devices that include both magnetic and shape-
memory components (e.g., as shown 1n FIG. 15).

The mnvention claimed 1s:

1. An implant for use 1n a patient’s body comprising:

a plurality of magnetic elements; and

means for maintaining the magnetic elements 1n a serial

array that can be disposed to extend 1n a circumierential
direction around a body tissue structure 1n the patient,
cach of the magnetic elements magnetically attracting at
least one other circumierentially adjacent one of the
magnetic elements and being able to move in the cir-
cumierential direction toward and away from that other
circumierentially adjacent magnetic element, a maxi-
mum force of magnetic attraction, over a given separa-
tion distance, between a first pair of circumierentially
adjacent ones of the magnetic elements that are able to
move toward and away from one another being greater
than a maximum force of magnetic attraction, over the
given separation distance, between a second pair of cir-
cumierentially adjacent ones of the magnetic elements
that are able to move toward and away from one another,
the means for maintaining including respective links
defining a maximum separation distance between the
magnetic elements in each respective first pair, and
between the magnetic elements 1n each respective sec-
ond parr.

2. The implant defined 1n claim 1 wherein the means for
maintaining permits circumierentially adjacent ones of the
magnetic elements to move into contact with one another.

3. The implant defined 1n claim 1 wherein the implant 1s
adapted for implanting around the patient’s stomach, and
wherein the maximum force of magnetic attraction between
the first pair 1s selected to be overcome by gastric pressure
proximal to the implant that 1s greater than gastric pressure
needed to overcome the maximum force of magnetic attrac-
tion between the second pair.

4. A method for treating obesity comprising:

disposing a band around the outside of the stomach to

segment the stomach into more than one cavity, the band
being configured to leave a lumen of restricted size 1in the
stomach between the cavities, and the band including a
plurality of magnetic elements, each of the magnetic
clements magnetically attracting at least one other cir-
cumierentially adjacent one of the magnetic elements
and being able to move away from or toward one another
to dynamically adjust the size of the lumen in response to
a physical parameter, a maximum force of magnetic
attraction, over a given separation distance, between a
first pair of circumierentially adjacent ones of the mag-
netic elements that are able to move toward and away
from one another being greater than a maximum force of
magnetic attraction, over the given separation distance,
between a second pair of circumierentially adjacent
ones of the magnetic elements that are able to move
toward and away from one another.
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5. The method of claim 4 wherein the physical parameter 1s
gastric pressure.

6. The method of claim 4 wherein the lumen of restricted
s1ze partially blocks passage of food until a physical param-
cter threshold 1s reached and the band dynamically adjusts to 5
increase the size of the lumen.
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